CYPlA gene expression has been implicated in the processing of environmental procarcinogens and levels of variation in CYPlA mRNA expression are high in both environmentally exposed and chemically treated Atlantic tomcod. The objective of this study was to evaluate the effects of physical and biological parameters such as temperature, sex, and reproductive state on within-group variation in CYPlA mRNA induction. Levels of variation in CYPlA mRNA expression were directly correlated with mean levels of gene induction. Our results indicate that sex and reproductive state, but not temperature, had significant effects on CYPlA mRNA inducibility in tomcod; however, these parameters did not account for all interindividual variation in CYPlA inducibility. dther intrinsic biological factors, such as genetic polymorphisms in molecular pathways leading to CYPlA induction, may contribute to the high levels of interindividual variation in CYPlA inducibility in Atlantic tomcod. - 
and exposure may also be responsible. Genetic differences in disease susceptibility may be reflected at the species, population, or individual level. For example, within the Hudson River, at the species level, only tomcod exhibit a high prevalence of hepatic neoplasms whereas other bottomdwelling finfish species which share a common ecological niche show no evidence of cancer.
Variation in the prevalence of neoplasia at these levels of biological organization may result from significant differences in exposure histories to contaminants, physical factors, differences in biological parameters such as sex, growth rate, or variation at carcinogenically relevant genetic loci. Genetic variation may result directly from the genotoxic actions which are a consequence of exposure to xenobiotic agents or from heritable genetic polymorphisms whose frequencies differ among species, populations, or individuals. Genetic variation at these loci may involve mutations in coding regions of genes, which determine the structural properties of protein products or from polymorphisms in their regulatory regions, which in turn may impact on levels of gene expression. For example, many studies have shown that somatic mutations in the ras oncogenes accompany the initiation of neoplasia in humans, carcinogen-exposed animal models, and chemically (3) and environmentally exposed (4, 5) fish.
CYPlA Inducibility
In this regard, recent studies in humans have investigated the impact of heritable polymorphisms in cytochrome P450 genes on susceptibility to various cancers. Initial evidence suggests that mutations in the coding regions (6) and introns (7) High levels of variability in CYPIA mRNA were observed within environmentally exposed and treated groups ( Figure 1) . As a result, we sought to determine if this variation reflected intrinsic differences among fish in CYPlA mRNA inducibility.
Initially we plotted the variance versus the means of CYPIA mRNA levels within groups of tomcod exposed via the two different routes; field collected ( Figure 1A ) and those treated under controlled laboratory conditions ( Figure 1B ). (20) . If significant variation in CYPIA gene inducibility is still manifest after these factors have been considered, that would suggest that other factors such as genetic variation may influence gene inducibility. Figure 2 shows the effects of reproductive status on mean levels and variation of CYPlA mRNA expression in environmentally exposed female and male tomcod, respectively, collected from a single site during different seasons, from the industriVolume 102, Supplement 12, December 1994 alized Miramichi River. For both sexes, reproductive status significantly affected levels of CYP1A gene expression; however, these effects differed between sexes. Prespawning females collected in late November showed little evidence of CYPIA mRNA expression, whereas levels were high in prespawning males. Spent females collected in late January showed high levels of gene expression, while spent males exhibited much lower levels of CYPlA mRNA. At spawning time, levels of intact CYPIA mRNA were low in both sexes. Initial evidence suggests that posttranscriptional processing of CYPIA mRNA may have accounted for this decrease. For both sexes, the level of variation in CYPIA mRNA was once again highly correlated with mean levels of gene 2 expression (R = 0.98-0.99). From this analysis we conclude that both gender and reproductive status affect levels of CYPIA mRNA inducibility in exposed Atlantic tomcod. However, even when the effects of biological and physical parameters such as sex, season, and reproductive status are accounted for, there is still significant variability in CYPIA mRNA inducibility among tomcod. This is apparent by examining the individual data points in Figure 2 A and B. With the exception of prespawning females and spawning males, tomcod show high levels of variation in CYPIA mRNA expression. From this analysis, we conclude that genetic variation or other intrinsic biological parameters that were not measured in these studies must contribute to high levels of variation in CYPlA mRNA inducibility among tomcod.
To gain initial insights into genetic mechanisms perhaps contributing to this variability in CYPlA mRNA, a frequency distribution of inducibility was examined in chemically treated tomcod ( Figure 3 Although variability in gene induction was high among these fish, responses of each sex did not fall into clearly differentiated modality groupings.
Our results indicate that levels of variation in CYPIA mRNA expression are high in both environmentally exposed and chemically treated Atlantic tomcod, although little variability was seen in basal levels of gene expression. Our analyses suggest that variation in levels of induced CYP1A mRNA are almost as high in tomcod treated with model chemicals under controlled laboratory conditions as seen in environmentally exposed fish. As a result, we conclude that a major component of variation in CYPIA mRNA levels in environmentally exposed tomcod is due to inherent differences in CYPIA mRNA inducibility among individuals or groups of fish.
Genetic Variability
We have also demonstrated that sex and reproductive status have a significant impact on inducibility of CYPIA mRNA in Atlantic tomcod. For example, prespawning exposed females exhibited no induction, whereas prespawning exposed males were highly induced. Similar we have demonstrated that variation in CYP1A inducibility in tomcod results from in vivo exposure at environmentally relevant concentrations of inducers and is at the transcriptional level. However, we have yet to demonstrate concordant variation in CYPIA protein levels and enzyme activity among individual fish.
It has been hypothesized that variation in CYP1A inducibility in humans may be associated with unspecified polymorphisms at the aromatic hydrocarbon locus (Ah receptor) (23) or a restriction fragment length polymorphism (RFLP) in 3' noncoding sequences of the CYPIA gene (7) . Additionally, there is evidence that this CYP1A RFLP may be associated with increased susceptibility to lung cancer in some racial groups, although not others (24) . Although the significance of interindividual variation in CYPIA mRNA inducibility in Atlantic tomcod has yet to be demonstrated, our results indicate that the magnitude of this variation is large. Both a genetic component and other biological factors impact on this variation in gene inducibility. We suggest that the magnitude of variation seen in CYPIA gene inducibility may be representative of that exhibited by other environmentally responsive genes and that this variation in expression may play a significant role in genotoxic, teratogenic, or acute responses of organisms to environmental insult. Genetic variation in regulation of xenobiotically responsive genes should be considered when evaluating the susceptiblity of individuals or populations to contaminant exposure.
